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SUMMARY 

The photodissocialtion of C p  molecules in the atmosphere of comets is 
discussed starting from the most probable initial velocity vo of molecules 
C Z  and CN, the lifetime T ana the effective dissociation cross-section Oa of 
the molecule C p .  The result obtained by the present author is considered as 

comet photometry is performed at least as carefully as was done by Miller for 
the 1959K Bernham comet in 1966. 

preliminary, but it is hoped that it can be further refined if the forthcoming 

* 
* * 

Pre l imina ry  d a t a  on surface b r i g h t n e s s  d i s t r i b u t i o n  i n  
t h e  heads of 1942g, 1959k and o t h e r  comets [1,2] show t h a t  
t h e  most probable  i n i t i a l  v e l o c i t y  of C2 and CN molecules is 

vo  % 3-10' cm/sec-'. 

With such a va lue  of vo the i s o p h o t s  main ta in  a r e g u l a r  
shape and a r e  c o n c e n t r i c  when the l i g h t  p r e s s u r e  a c c e l e r a t i o n  
i s  g = 0 .03  cm-sec-2 f o r  CN i n  t h e  1942g comet and g = 0.36 cm. 
.sec-, f o r  C,  i n  1959k comet. 
v e l o c i t y  d i s p e r s i o n  and of luminescent molecule d i s s o c i a t i o n  
n o t i c e a b l y  d i s t o r t s  the c i r c u l a r  shape of t h e  i s o p h o t s  a t  a 
d i s t a n c e  of about  150 ,000  km from the photometr ic  center for C, 
and of 5 0 0 , 0 0 0  k m  f o r  CN t h e  h e l i o c e n t r i c  d i s t a n c e  being of  1 a.u.  

For  lower vo t h e  e f f e c t  of i n i t i a l  

The effect  of t h e s e  i s o p h o t - d i s t o r t i n g  f a c t o r s  appears  
m o s t  n o t i c e a b l y  i n  t h e  d i r e c t i o n  of t h e  comet r ad ius -vec to r .  
When t a k i n g  i n t o  account  only t h e  v e l o c i t y  d i s p e r s i o n  a t  c o n s t a n t  
i s o t r o p i c  emiss ion ,  t h e  v i s i b l e  d e n s i t y  i n  t h i s  d i r e c t i o n  i s  
c a l c u l a t e d  on t h e  b a s i s  of formula 
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where  v1 i s  t h e  minimum v e l o c i t y  r equ i r ed  f o r  a t t a i n i n g  the  
molecular  p o i n t  ( x , O ) ;  and n i s  t h e  number of  molecules escaping  
p e r  sec. s t e r a d i a n  wi th  velocities v > v l .  

I f  A i s  t h e  observa t ion  error, t h e  shape of t h e  i s o p h o t s  
w i l l  b e c i r c u l a r  a t  a v a l u e  of x f o r  which - 

Expansion i n  series of t h e  l e f t -hand  p a r t  y i e l d s  t h e  con- 
d i t i o n  ( v , / v , ) ~  = A a t  t h e  p o i n t  (x,O) i n  which t h e  e f f e c t  of 
d i s p e r s i o n  on t h e  shape o f  i s o p h o t s  i s  n o t  y e t  n o t i c e a b l e .  
S ince  v 1 2  = 2 g x l ,  w e  o b t a i n  

of A 

when 

Formula (1) makes it p o s s i b l e  t o  e s t i m a t e  v o  if t h e  va lues  
and x 1  are known. 

Haser [ 3 ]  shows how sharp  t h e  i sopho t  d i s t o r t i o n  can be 
o v e r r a t e d  a c c e l e r a t i o n s  and under ra ted  velocit ies a r e  

a s s igned .  For i n s t a n c e ,  a t  vo = l o 5  cm-sec-l and g = 3 cm*sec'2, 
t h e  deformation i s  a l r eady  n o t i c e a b l e  a t  a d i s t a n c e  of 1 0 , 0 0 0  km 
f r o m  t h e  emission c e n t e r ,  w h i l e  a t  h i g h e r  d i s t a n c e s  t h e  i sopho t s  
cannot  p o s s i b l y  be c a l l e d  c i r c u l a r .  

With resonance r a d i a t i o n ,  a c c e l e r a t i o n  g f o r  C 2  and CN can 
be determined r e l i a b l y  enough s i n c e  f o r  t h e s e  molecules ,  t h e  
va lue  of o s c i l l a t o r  f o r c e s  f = 0 . 0 2  has  n o t  y e t  been r e f u t e d .  
Consequent ly ,  i f  t h e  observa t ion  e r r o r  A i s  known, it is p o s s i b l e  
t o  determine v o .  

1. I n v e s t i g a t i o n  of A for t h e  1959k Comet. A t  t h e  r e q u e s t  
of  t h e  p r e s e n t  au tho r ,  Freeman D.  M i l l e r  has  i n v e s t i s a t e d  i n  de- 
t a i l  t h e  obse rva t ion  e r r o r s  i n  s t u d i e s  of s u r f a c e  b r i g h t n e s s  
d i s t r i b u t i o n  i n  c,,  i . e .  i n  t h e  head component of  comet 1959k. 
F .  M i l l e r  has  k i n d l y  p l aced  t h e  r e s u l t s  of  h i s  i n v e s t i g a t i o n  a t  
t h e  d i s p o s a l  of  t h e  au thor .  

S i x  photographs were obta ined  a t  t h e  observa tory  of Michigan 
U n i v e r s i t y  by means of t h e  Curtiss-Schmidt ins t rument  on 1 0 3  a-J 

Eastman Kodak p l a t e s  through an i n t e r f e r e n c e  f i l t e r  i n s u l a t i n g  
t h e  A 5165 band of C p .  This f i l t e r  t r a n s m i t s  7% of t h e  head ra- 
d i a t i o n  R, (1,l) and of C O i  ernIssirjn of tne t a i l .  

I n  t h e  p rocess ing  of photographs,  w e  s t u d i e d  t h e  isophoto-  
m e t e r  e r r o r s  t h e  e f f e c t  of f a u l t y  p o i n t i n g ,  t h e  l i g h t  d i s p e r s i o n  
by the  emulsion and t h e  e f f e c t  of error i n  e v a l u a t i n g  t h e  sky 
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background. Thus, f o r  a l l  p r a c t i c a l  purposes t h e  r e s u l t s  of 
s u r f a c e  b r i g h t n e s s  measurements may be considered as reliable. 

TABLE I 
The i sopho t s  proved t o  be 

somewhat s t r e t c h e d  i n  t h e  d i r e c t i o n  
f r o m  t h e  Sun. With r eces s ion  f r o m  
t h e  coma c e n t e r ,  t h e  shape of iso- 
phots  becomes c l o s e r  t o  c i r c u l a r .  
I f  one denotes  by r2  t h e  r a d i u s  i n  
t h e  d i r e c t i o n  of t h e  Sun and by rl 
t h e  r a d i u s  i n  t h e  o p p o s i t e  d i r e c t i o n  
t h e  deformation of i s o p h o t s  can be 
i l l u s t r a t e d  wi th  Table 1. 

T h i s  deformation may be expla ined:  a )  by t h e  r ea l  proper-  
t ies of come C, ;  b] by t h e  e f f e c t  of cont inuous emission of type 
11; c) by t h e  effect  of (1.1) CO+ e m i s s i o n ,  of which 7% are t r a n s -  
m i t t e d  by t h e  f i l t e r .  

O ' D e l l  E41 speaks of t h e  i n s i g n i f i c a n c e  of cont inuous e m i s -  
s i o n  i n  t h e  1959k comet. T h e r e f o r e ,  there  i s  reason t o  believe 
t h a t  t h e  deformation i s  caused by CO+ emission whose maximum is 
somewhat s h i f t e d  re la t ive t o  the e n i s s i o n  c e n t e r  i n  the d i r e c t i o n  
o p p o s i t e  t o  t h e  Sun. 
formation on t h e  d i s t a n c e  from t h e  photometr ic  c e n t e r  compiled 
i n  Table  1 cannot  be j u s t i f i e d  by t h e  d i s s o c i a t i o n e f f e c t  of 
C2 molecules  o r  by v e l o c i t y  d i s p e r s i o n  a t  l o w  va lues  of v o ,  f o r  
i n  t h i s  case r T 1  would r a p i d l y  i n c r e a s e  w i t h  t h e  d i s t a n c e  
f r o m  t h e  c e n t e r .  The l a t t e r  i s  n o t  confirmed by obse rva t ions .  

I n  a n y  case, t h e  dependence of i s o p h o t  de- 

Combining h i s  measurements w i t h  those of O'Dell [ 4 ]  and 
Malaise [ 5 ] ,  F.  M i l l e r  determines t h e  dependence of s u r f a c e  
b r i g h t n e s s  S on d i s t a n c e  d/2 (d  i s  t h e  maximum isophot  diameter) 
(see Table 2 ) .  

TABLE 2 

A pre l imina ry  s tudy  of F. Mil ler ' s  m a t e r i a l s ,  g i v e s  us 
r eason  t o  believe t h a t  a t  l o g  d/2 = 5 . 2 ,  t h e  error i s  A % 0 . 1  
The  mean d e v i a t i o n  of t h e  po in t s  f r o m  t h e  s m c t h e d  curve which 
p a s s e s  through them i s  f 0 . 3 1  i n  l o g  S. 

Comparison of data i n  Table 2 w i t h  t h e  c a l c u l a t i o n s  of t h e  
a u t h o r  [1,2] shows tha t  w i t h  a model w i t h  an emission c e n t e r  
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v,, = 3-10' cm/sec, g = 0 . 3 6  cm/sec2 and T = 3-10" sec. w e  ob- 
t a i n  a complete coincidence between t h e  obse rva t ions  and t h e  
c a l c u l a t i o n s  f o r  l og  d/2 >, 4,1, i .e.  for  d/2 > 1 2 , 0 0 0  km. A t  
l o w e r  d/2 va lues  t h e  c a l c u l a t e d  va lue  of  S exceeds t h e  measured 
one ( T a b l e  3 ) .  

TABLE 3 

The f ac t  t h a t  a t  d/2 1 0 , 0 0 0  k m  S,,1 > S o b s  i s  e a s i l y  ex- 
p l a i n e d  by the  p e c u l i a r i t y  of o u r  model. A t  l o w  d/2 w e  approach 
t h e  reg ion  f i l l e d  wi th  p a r e n t  molecules .  To s i m p l i f y  t h e  model 
w e  assumed t h i s  reg ion  t o  be a p o i n t .  Therefore ,  as c y / ?  - 9 S - + a  
I n  r e a l i t y  t h i s  reg ion  may have a r a d i u s  of several hundred km. 
Therefore,  a t  l o w  d/2 values  t h e  c a l c u l a t e d  s u r f a c e  b r i g h t n e s s  
must be h i g h e r  than those  observed. However, it should  be re- 
membered t h a t  a decrease  i n  s o b s  may a l s o  be the  r e s u l t  of pho- 
t o g r a p h i c  overexposure.  Therefore, it should be concluded t h a t  
bo th  obse rve r s  and t h e o r i s t s  mt concen t r a t e  t h e i r  a t t e n t i o n  on 
t h e  i n t e r n a l  r eg ions  of comet's head which are close t o  t h e  pho- 
tometric c e n t e r .  

2 .  On t h e  P o s s i b i l i t y  of C, Pho tod i s soc ia t ion  by t h e  F a r  
U l t r a v i o l e t  S o l a r  Radiation. 
n e s s  d i s t r i b u t i o n  by t h e  d i s p e r s i o n  of  i n i t i a l  ve loc i t ies ,  con- 

The exp lana t ion  of s u r f a c e  b r i g h t -  

t a i n e d  i n  T a b l e  2 ,  looses i t s  v a l i d i t y  fol lowing a s tudy  o f  F. 
Miller's measurements i n  the d i r e c t i o n  of t h e  Sun. 
cm/sec, t h e  d i s p e r s i o n  of i n i t i a l  velocit ies y i e l d s  a va lue  of 
log S n e a r  t h a t  of T a b l e  2. However, i t  g e n e r a t e s  a s h a r p  asym- 
metry i n  t h e  d i s t r i b u t i o n  along t h e  r ad ius -vec to r ,  and t h i s  i s  
i n  c o n t r a d i c t i o n  w i t h  t h e  observa t ions .  

A t  v o  = 5-10" 

I n  s tudy ing  t h e  p o s s i b i l i t y  of C ,  p h o t o d i s s o c i a t i o n  it 
shou ld  be noted  t h a t  t h e  surface b r i g h t n e s s  d i s t r i b u t i o n  ob ta ined  
by M i l l e r  n e c e s s i t a t e s  i n  our  model t h e  s a t i s f a c t i o n  of t h e  con- 
d i  t i o n  

V,,T % 9.10' c m ,  

which v i r t u a l l y  co inc ides  wi th  t h e  cond i t ion  de r ived  by Yu.N. 
Gnedin and A. Z .  Dolginov [ 6 1  : 

V 0 ?  .̂ v 10'O cm 9 

where T i s  C, molecule l i f e t i m e  p r i o r  t o  d i s s o c i a t i o n  and v o  i s  
t h e  m o s t  p robable  v e l o c i t y .  



5 

W 

S.M. Poloskov [71 obtained f o r  C, i n  1 9 4 8  T = 0.5 h r .  A t  

Such a va lue  of v0 seems t o  us of L i t t l e  p r o b a b i l i t y .  
t h i s  va lue  of T 
cm/sec. 
T o  o b t a i n  s i m i l a r  v e l o c i t i e s ,  c o l o s s a l  energy abso rp t ion  i s  re- '/, m v o 2  = 312 ev. 

t h e  Miller d i s t r i b u t i o n  r e q u i r e s  v o  = 5 . 1 0 6  

u i r e d  dur ing  t h e  d i s s o c i a t i o n  of p a r e n t  molecules.  Indeed, only 

The p h o t o d i s s o c i a t i o n  of C, with  subsequent  e x c i t a t i o n  of 
a t o m  C seems more probable .  Astronomer V.A. Ambartsumyan [ 91  
o b t a i n s  i n  t h i s  case 'I Y, 3.10' sec whence C,  i s  n o t  s u b j e c t  t o  
d i s s o c i a t i o n  dur ing  t h e  w h o l e  t i m e  of i t s  s t a y  i n  t h e  nead and 
t a i l  o f  t h e  comet. The reason f o r  t h i s  conclusion i s  due t o  t h e  
f a c t  t h a t  i n  1 9 3 9  t he re  was no informat ion  on t h e  t r u e  solar  
r a d i a t i o n  i n  t h e  f a r  u l t r a v i o l e t ,  on s u r f a c e  b r i g h t n e s s  d i s t r i -  
b u t i o n  i n  t h e  coma, and on e n e r g i e s  o f  C, d i s s o c i a t i o n  and C ex- 
c i t a t i o n .  

According t o  contemporary d a t a ,  t h e  energy of C 2  d i s s o c i a t i o n  
i s  3 . 6  ev [lo] , whi le  t h e  energy of C e x c i t a t i o n  i s  7.48 ev [ill . 
There fo re ,  pho tod i s soc ia t ion  of C, r e q u i r e s  t h e  abso rp t ion  of 
quan ta  w i t h  energy E a 11.1 ev ,  i .e .  x < 1120 A .  

0 

According t o  Hinteregger  E71 f o r  X 4 1 1 2 0  A 

a = 2 . 7 - 1 0 ~ ~ q u a n t a / c m ~ s e c ,  

wh i l e  i n  o r d e r  t o  o b t a i n  'I = 3-104 sec it is  necessary t h a t  t h e  
e f f e c t i v e  c ros s - sec t ion  of t h e  p h o t o d i s s o c i a t i o n  be 

I f  w e  compute the  absorp t ion  c o e f f i c i e n t  according t o  
formula [8 ]  

I I P 3  x,d, = -- f ,  
nr C 

"0 

by p o s t u l a t i n g  K = a / v 3  w e  have 

P o s t u l a t i n g  f = 1, w e  see t h a t  t h e  c a l c u l a t e d  va lue  of t h e  
e f f e c t i v e  c ros s - sec t ion  is s i x  t i m e s  lower than  t h e  one w e  re- 
q u i r e .  
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I t  i s  e s s e n t i a l  t o  bea r  i n  mind t h a t  t h e  c a l c u l a t e d  va lue  
u = 2 . l - l O - '  cannot  be considered as r e l i a b l e .  A s  i s  shown i n  
the  i n v e s t i g a t i o n s  of numerous a u t h o r s ,  t h e  v - ~  law, i s  n o t  ac- 
curate nor  i s  t h e  accepted  value f = 1. 

O.V. Dobrovol 'skiy has  compiled (171 p. 7 6 )  a Table of i o -  
n i z a t i o n  and d i s s o c i a t i o n  p r o b a b i l i t i e s  f o r  0 , C H 4 ,  H , ,  H , O  m o -  
l e c u l e s .  H e  p o i n t s  o u t  tha t  f o r  t h e s e  molecufes t h e  p r o b a b i l i t y  
o f  d i s s o c i a t i o n  i s  h ighe r  by approximately one o r d e r  t han  t h e  

ob ta ined  by us  f o r  C, should be viewed as a pre l iminary  r e s u l t  
of exper imenta l  determinat ion of t h e  e f f e c t i v e  d i s s o c i a t i o n  
c ros s - sec t ion .  I f  t h e  forthcoming comet photometry i s  conducted 
no less c a r e f u l l y  than  t h e  way it w a s  done by Freeman D. Miller 
i n  1 9 6 6  f o r  t h e  1959k Bernham comet, co r robora t ion  and m o r e  re- 
f i n e d  va lues  of v o ,  T and od Can be a n t i c i p a t e d  i n  t h e  f u t u r e .  

p r o b a b i l i t y  of  i o n i z a t i o n .  Therefore ,  t h e  a d =  1 . 2 * 1 0 ' 1 6  c m  2 

* * * THE END * * * 
Main Astronomical Observatory 
Academy of Sc iences  USSR 

Manuscript rece ived:  
13  May, 1 9 6 7 .  
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